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Purpose 

The  purpose  of  this  document  is  to  provide  teachers,  students,  parents,  and  administrators  with 
examples  of  students’  responses  that  illustrate  the  provincial  standards  expected  of  students  who 
complete  Science  10. 

Contents 

For  each  of  the  written  or  performance  tasks,  the  Examples  of  Students’  Responses  document 
contains 

• the  student  task 

• the  sample  answers  and  scoring  criteria  to  be  used  by  teachers  to  evaluate  their  students’ 
work  (these  can  also  be  found  in  the  Teacher  Manual) 

• examples  of  students’  responses  at  each  criteria  “level” 

• commentaries  that  illustrate  and  explain  how  the  scoring  criteria  fit  each  response 

Each  student  response  in  this  document  is  reproduced  as  it  appeared  in  the  assessment;  that  is,  in 
the  students’  own  handwriting.  Because  of  space  limitations,  the  planning  and  drafting  that  may 
have  preceded  or  accompanied  some  of  the  responses  may  not  have  been  included.  However, 
teachers  and  other  readers  should  note  that  research  has  demonstrated  a very  strong  relationship 
between  the  quality  of  planning  and  the  degree  of  success  in  written  expression. 

Selection  of  Examples 

The  students’  responses  in  this  document  were  selected  from  those  produced  during  the  pilot 
testing  of  the  Classroom  Assessment  Materials  Project  in  May  and  June  of  1996.  A committee 
composed  of  Science  10  teachers  from  different  parts  of  the  province  reviewed  and  validated  the 
assessments  and  scoring  criteria,  then  selected  students’  responses. 

These  examples  of  students’  work  illustrate  the  provincial  standards  for  students  who  complete 
Science  10. 

Considerations 

Please  note  that 

• the  examples  presented  illustrate  specific  standards  (scoring  criteria),  but  are  not 
necessarily  typical  of  the  responses  submitted 

• the  selected  responses  represent  only  a few  of  the  possible  approaches  to  each  task.  None 
of  the  examples  is  intended  to  serve  as  a model  of  a particular  approach 

• you  should  consider  each  student  example  in  light  of  the  constraints  of  the  assessment 
situation.  Under  assessment  conditions,  most  students  are  able  to  prepare  responses  that 
must  be  considered  as  first  draft  only 
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A number  of  Alberta  schools  set  up  a “bottle  lake”  experiment.  The  experiment  was 
designed  to  determine  the  best  conditions  for  maintaining  living  organisms  in  a 
simulated  environment. 


Use  the  following  information  to  answer  the  next  questions. 


Materials  used  to  make  a “bottle  lake”: 


• 3 L bottle  sealed  with  a screwtop  lid 

• living  organisms  and  pond  water 

• sediment  from  a warm,  shallow  lake 

• aquatic  plant  life 

• warm,  sunny  window 


light 


X 


Questions 

a.  Write  a balanced  chemical  equation  that  includes  the  states  of  matter  to 
summarize  the  process  the  plant  in  the  bottle  uses  to  capture  solar  energy.  (2  marks) 

b.  You  are  to  determine  which  factor  or  factors  are  essential  in  maintaining  the  bottle  lake. 
Describe  an  experimental  design  with  a control  you  could  use  to  determine  this. 

(2  marks) 


Continued 
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Answer  Key 

l.a.  The  overall  equation  for  the  process  of  photosynthesis  in  the  plant  is: 

Light  Energy  + 6C02(^)  + 6H20(/)  C6Hi206(5)  + 602(g) 

l.b  The  control  experiment  should  be  different  from  the  setup,  depending  on  what  you  wanted 
to  find  out.  If  you  wanted  to  know  if  light  made  a difference,  you  would  set  up  another 
experimental  bottle  in  the  dark.  If  you  wanted  to  know  if  the  snail  made  a difference,  you 
would  set  up  another  bottle  without  the  snail.  If  you  wanted  to  know  if  the  plant  made  a 
difference,  you  would  set  up  another  bottle  without  the  plant.  If  you  wanted  to  know  if 
lake  water  made  a difference,  you  would  set  up  another  bottle  with  distilled  water.  If  you 
wanted  to  know  if  temperature  made  a difference,  you  would  set  up  one  bottle  in  a cold 
place,  etc. 


Holistic  Scoring  Criteria  for  Written  Response  1 


Score 

Scoring  Criteria 

4 

The  question  is  completely  answered,  demonstrating  an  excellent 
understanding  of  scientific  experimental  design  and  the  role  of  a control. 
Scientific  conventions  of  communication  are  consistently  and  correctly 
followed  in  writing  a chemical  reaction  equation.  A clear  understanding 
of  the  relationship  between  a chemical  process  and  a chemical  equation 
is  demonstrated. 

3 

The  question  is  answered,  demonstrating  an  understanding  of  scientific 
experimental  design  and  the  role  of  a control;  scientific  conventions  of 
communication  are  followed,  except  for  minor  errors.  An  understanding 
of  the  relationship  between  a chemical  process  and  a chemical  equation 
is  demonstrated. 

2 

The  question  is  partially  answered , demonstrating  a basic  understanding  of 
scientific  experimental  design  and  the  role  of  a control.  Scientific  conventions 
of  communication  are  generally  followed  in  writing  chemical  reaction 
equations.  A basic  understanding  of  the  relationship  between  a chemical 
process  and  a chemical  equation  is  demonstrated. 

1 

The  question  is  only  partially  answered.  Scientific  conventions  of 
communication  are  attempted,  but  are  either  incomplete  or  contain  errors.  An 
understanding  of  the  relationship  between  a chemical  process  and  a chemical 
equation  is  not  demonstrated. 

0 

The  response  does  not  address  the  question  at  an  appropriate  level  for  a 
Science  10  course. 
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This  response  received  a mark  of  4 out  of  4. 
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Scoring  Criteria 

4 

The  question  is  completely 
answered  demonstrating  an 
excellent  understanding  of 
scientific  experimental  design 
and  the  role  of  a control. 


Scientific  conventions  of 
communication  are  consistently 
and  correctly  followed  in  writing 
a chemical  reaction  equation. 


A clear  understanding  of  the 
relationship  between  a chemical 
process  and  a chemical  equation 
is  demonstrated. 


Commentary 


The  student  has  provided  a clear  and  complete  answer  to  the  first  part  of  the  question.  The 
student  has  demonstrated  an  understanding  that  the  control  experiment  must  be  exposed 
to  a different  set  of  conditions  (no  light)  in  order  to  determine  what  factors  are  important  in 
maintaining  the  “bottle  lake.” 

The  student  has  correctly  identified  and  written  the  formulas  for  the  reactants  and  products 
for  the  process  of  photosynthesis.  This  indicates  a good  understanding  of  the  process  and 
of  the  conventions  used  in  communicating  chemical  change . By  including  energy  as  a 
term  in  the  word  equation , the  student  demonstrates  a realization  of  the  role  of  sunlight  in 
photosynthesis.  The  balancing  in  the  equation  is  flawed  because  the  student  has  failed  to 
write  oxygen  in  its  diatomic  form;  however,  the  equation  is  correctly  balanced  for  the 
formulas  that  were  used.  The  communication  is  complete,  including  the  states  of  matter  for 
each  substance. 


Student  Example 
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This  response  received  a mark  of  2 out  of  4. 


Scoring  Criteria 

2 


Student  Example 


The  question  is  partially 
answered  demonstrating  a basic 
understanding  of  scientific 
experimental  design  and  the  role 
of  a control. 

Scientific  conventions  of 
communication  are  generally 
followed  in  writing  chemical 
reaction  equations. 


1.  a. 
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A basic  understanding  of  the 
relationship  between  a chemical 
process  and  a chemical  equation 
is  demonstrated. 


Commentary 


The  student  has  provided  only  a partial  answer  to  the  first  part  of  the  question.  The  student 
has  demonstrated  an  understanding  that  the  control  experiment  must  be  exposed  to  a different 
set  of  conditions.  By  suggesting  that  the  amount  of  light  be  measured,  the  student  indicates 
that  this  would  allow  for  comparisons  to  be  made;  however,  it  is  not  clear  if  two  bottles 
would  be  set  up  in  this  proposal.  Because  of  this  lack  of  clarity  and  completeness,  this 
represents  only  an  acceptable  response  to  the  question. 

The  student  has  correctly  identified  and  written  the  formulas  for  the  reactants  and  products 
for  the  process  of  photosynthesis.  This  indicates  a basic  understanding  of  the  process  and 
of  the  conventions  used  in  communicating  chemical  change.  By  including  sunlight  as  a 
term  in  the  word  equation , the  student  demonstrates  a realization  of  the  role  of  energy  in 
photosynthesis.  The  communication  is  incomplete,  because  the  equation  is  not  balanced 
and  the  states  of  matter  for  each  substance  have  not  been  given. 
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Student  Task 


Question 

Calculate  the  volume,  the  surface  area,  and  the  surface  area-to- volume  ratio  for 
three  cubes  of  the  following  sizes: 


Cube 

Length  of  each  side  (cm) 

A 

10.0 

B 

5.0 

C 

2.0 

a.  Construct  a labelled  table  and  enter  the  results  of  the  required  calculation  for  each  cube. 
(2  marks) 

b.  Which  cube,  if  it  represented  a living  cell,  would  have  the  most  efficient  exchange  of 
matter  or  energy  with  the  environment?  (1  mark) 

c.  Describe  a technology  that  applies  the  principle  of  large  surface  area-to-volume  ratio 
and  explain  how  it  facilitates  exchange  of  matter  or  energy  with  the  environment . 

(2  marks) 

Answer  Key 

2.a.  Calculations  Chart  for  Three  Cubes 


Cube 

Side 

(cm) 

Volume 
(cm  3) 

Surface  Area 
(cm  2) 

Surface  area-to- 
volume  ratio 
cm  2/cm  3 

A 

10.0 

1000 

600 

0.600 

B 

5.0 

125 

150 

1.2 

C 

2.0 

8 

24 

3.0 

2.b.  Cube  C would  have  the  most  efficient  matter  exchange  with  the  environment  because  of 
the  large  surface-to-volume  ratio. 

2.C.  Technologies  applicable  to  a large  surface  area-to-volume  ratio  generally  consist  of  a large 
surface  comprising  many  cells  folded  or  constructed  so  that  a maximum  of  the  interior  is 
exposed  to  the  outside  environment.  Examples  include  car  radiators,  the  pads  inside 
humidifiers,  cooling  towers,  portable  heaters,  etc. 
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Score 

Scoring  Criteria 

4 

The  provided  data  are  accurately  and  completed  analyzed;  mathematical 
calculations  are  correct.  Results  are  displayed,  using  scientific  conventions  of 
communication.  The  interpretations  are  correct.  An  appropriate  technological 
application  of  the  principle  is  thoroughly  described. 

3 

The  provided  data  are  completely  analyzed;  the  mathematical  calculations 
are  mostly  correct.  Results  are  displayed,  using  scientific  conventions  of 
communication.  The  interpretations  are  mostly  correct.  An  appropriate 
technological  application  of  the  principle  is  identified,  but  not 
thoroughly  described. 

2 

The  provided  data  are  analyzed;  mathematical  calculations  are  partially 
correct.  Results  are  displayed,  generally  using  scientific  conventions  of 
communication.  An  interpretation  is  attempted,  but  it  may  not  be  correct. 
The  technological  application  of  the  principle  that  is  described  may  not  be 
entirely  appropriate. 

1 

The  provided  data  are  incompletely  analyzed,  and  the  mathematical 
calculations  contain  errors.  An  interpretation  is  not  attempted.  The 
technological  application  identified  does  not  illustrate  the  principle. 

0 

The  response  does  not  address  the  question  at  an  appropriate  level  for  a 
Science  10  course. 
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Scoring  Criteria 

4 


The  provided  data  are  accurately 
and  completed  analyzed; 
mathematical  calculations  are 
correct.  Results  are  displayed 
using  scientific  conventions 
of  communication. 

The  interpretations  are  correct. 

An  appropriate  technological 
application  of  the  principle  is 
thoroughly  described. 


Student  Example 
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Commentary 


The  student  has  correctly  calculated  the  volume  and  surface  area  for  each  cube  and 
expressed  these  in  the  correct  units.  The  surface  area -to- volume  ratio  is  also  correctly 
calculated . All  results  are  neatly  tabulated  for  display , using  titles  with  units  for  each 
column . The  student  has  indicated  in  words  which  cube  would  have  the  most  efficient 
exchange  with  the  environment. 

In  describing  a technology  related  to  this  principle , the  student  has  chosen  an  excellent 
example  (solar  panel)  and  has  also  explained  how  its  design  facilitates  energy  exchange  with 
the  environment. 
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This  response  received  a mark  of  3 out  of  5. 


Scoring  Criteria 
2 

Student  Example 

2.  a. 

The  provided  data  are  analyzed; 

A 

i'OOl) 

mathematical  calculations  are 
partially  correct.  Results  are 

e 

I 

displayed  generally  using 
scientific  conventions 

1 

‘w  1 

1 

%:2*f  j 

of  communication. 


An  interpretation  is  attempted. 

b. 

but  it  may  not  be  correct.  The 

technological  application  of  the 
principle  that  is  described  may 
not  be  entirely  appropriate. 

c. 

S^  s/Q  fuiMXSg 

1 >«iS  taiff 

Commentary 


The  student  has  correctly  calculated  the  volume  and  surface  area  for  each  cube  and 
expressed  these  in  the  correct  units.  Results  are  displayed  in  a semi-tabular  form , with 
appropriate  headings  and  some  units.  The  student  has  made  an  error  in  determining  the 
surface  area -to- volume  ratio  for  cubes  B and  C by  writing  the  reciprocal  of  the  required  ratio; 
therefore,  an  accurate  comparison  cannot  be  made. 

In  describing  a technology  related  to  this  principle , the  student  has  chosen  the  aircraft , in 
which  there  is  a large  surface  area  compared  to  the  volume,  but  efficient  exchange  of  matter 
with  the  environment  does  not  apply  to  this  example. 
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Written  Response  3 

Student  Task 
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Half  of  the  sulphur  dioxide  entering  the  air  is  from  the  burning  of  fuels  such  as  coal  and 
natural  gas.  The  sulphur  in  the  fuel  reacts  with  oxygen  from  the  air  to  produce  sulphur 
dioxide,  which  ends  up  in  the  smoke  emitted  from  chimneys  or  smokestacks. 


Questions 

a.  Write  a balanced  equation  that  includes  the  states  of  matter  for  the 
production  of  sulphur  dioxide  as  described.  (2  marks) 

b.  In  recent  years,  power  plants  and  factories  have  installed  taller  chimneys  to  avoid 
polluting  nearby  air.  Explain  why  tall  chimneys  are  not  a complete  answer  to  the 
problem  of  sulphur  dioxide  emission.  (1  mark.) 

c.  Describe  the  role  that  weather  conditions  might  play  in  the  effect  of  sulphur  dioxide  on  a 
particular  locality.  (1  mark) 

d.  Suggest  a possible  solution  to  the  problem  of  air  pollution  from  sulphur  dioxide. 

(1  mark) 

Answer  Key 

3. a.  Sulphur  dioxide  is  produced  by  the  reaction  of  sulphur  with  oxygen,  according  to  one  of 
these  equations: 

S(S)  + 02(j) -»  S02(j) 

Sg(s)  + 802(g) -»  8502(g) 

3.b.  While  this  solution  reduces  the  pollution  of  air  near  the  smokestack,  it  spreads  the 
contaminated  air  to  further  sites. 

3.C.  Precipitation  will  carry  the  sulphur  dioxide  down  to  Earth,  while  winds  will  carry  it  to 
another  location. 

3^.  Some  alternative  solutions  to  this  problem  are  to 

• use  low  sulphur  fields 

• remove  sulphur  from  the  fuel  before  burning  it 

• filter  sulphur  dioxide  from  the  smokestack  exhausts 

• encourage  energy  conservation 


Science  10 


11 


Student  Examples 
Written  Response  3 


CLASSROOM 
' ' ASSESSMENT 

.jf  I MATERIALS 


Holistic  Scoring  Criteria  for  Written  Response  3 


Score 

Scoring  Criteria 

4 

Scientific  conventions  of  communication  are  consistently  and  correctly 
followed  in  writing  a chemical  reaction  equation.  Scientific  principles  are 
used  in  thoroughly  explaining  the  impact  of  human  actions  on  the 
environment.  Relevant  societal,  technological,  and  scientific  concepts  are 
used  in  suggesting  a solution  to  the  problem. 

3 

Scientific  conventions  of  communication  are  followed  in  writing  a chemical 
equation;  however,  there  may  be  a small  error.  Scientific  principles  are  used 
in  explaining  the  impact  of  human  actions  on  the  environment.  Relevant 
societal  technological,  and  scientific  concepts  are  used  in  suggesting  a 
solution  to  the  problem. 

2 

Scientific  conventions  of  communication  are  generally  followed  in  writing 
chemical  reaction  equations.  Scientific  principles  are  used  in  partially 
explaining  the  impact  of  human  actions  on  the  environment.  Relevant 
societal,  technological  and  scientific  concepts  may  be  used  in  suggesting  a 
solution  to  the  problem. 

1 

Scientific  conventions  of  communication  are  attempted  in  writing,  a chemical 
equation,  but  there  are  major  errors  and  omissions.  Scientific  principles  are 
mentioned,  but  they  may  not  be  relevant  to  the  question.  The  solution  to  the 
problem  is  inappropriate  or  lacking. 

0 

The  response  does  not  address  the  question  at  an  appropriate  level  for  a 
Science  10  course. 

Science  10 


12 


Student  Examples 
Written  Response  3 


This  response  received  a mark  of  4 out  of  5. 
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4 


Scientific  conventions  of 
communication  are  consistently 
and  correctly  followed  in  writing 
a chemical  reaction  equation. 

Scientific  principles  are  used  in 
thoroughly  explaining  the 
impact  of  human  actions  on 
the  environment. 

Relevant  societal,  technological, 
and  scientific  concepts  are  used 
in  suggesting  a solution  to 
the  problem. 


Student  Example 
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Student  Examples 
Written  Response  3 


Commentary 


CLASSROOM 

ASSESSMENT 

MATERIALS 


The  student  has  written  a complete  and  balanced  chemical  equation  for  the  production  of 
sulphur  dioxide.  The  states  of  matter  are  indicated  after  the  formula  for  each  substance , and 
the  student  has  also  shown  why  the  equation  is  balanced. 

The  student  has  explained  how  tall  chimneys  benefit  nearby  areas,  but  still  pollute  the  greater 
atmosphere  and  simply  delay  the  effects  of  the  sulphur  dioxide.  This  response  indicates  an 
understanding  of  the  reasoning  behind  this  strategy  and  an  ability  to  see  the  flaw  in 
such  reasoning . 

The  student  has  identified  two  weather  conditions  (wind  and  precipitation)  that  could  interact 
with  the  sulphur  dioxide , but  could  have  attained  a higher  score  by  explaining  more  clearly 
how  precipitation  might  affect  a particular  locality.  The  terms  lithosphere  and  hydrosphere 
are  used  appropriately , but  do  not  help  to  explain  the  effects  of  S02(g)  on  particular  localities. 

The  student  provides  two  possible  solutions  to  the  problem  of  air  pollution  from  sulphur 
dioxide  gas.  These  represent  current  strategies  that  government  and  industry  in  some  parts  of 
the  world  have  implemented.  The  student’s  realization  that  hazardous  matter  collected  from 
smokestacks  must  be  properly  disposed  of  indicates  a sophisticated  understanding  of  waste 
management  issues. 
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Student  Examples 
Written  Response  3 


This  response  received  a mark  of  3 out  of  5. 


CLASSROOM 

ASSESSMENT 

MATERIALS 

# ..f,.. 


Scoring  Criteria 
2 


Scientific  conventions  of 
communication  are  generally 
followed  in  writing  chemical 
reaction  equations. 

Scientific  principles  are  used 
in  partially  explaining  the 
impact  of  human  actions  on 
the  environment. 

Societal,  technological  and 
scientific  concepts  may  be 
used  in  suggesting  a solution  to 
the  problem  but  they  may  not 
be  relevant. 


Student  Example 
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Commentary 


The  student  has  written  a chemical  equation  that  could  represent  the  formation  of  sulphur 
dioxide,  but  has  not  followed  all  the  conventions  of  communication  used  in  chemistry.  For 
example,  the  equation  contains  an  “equals”  sign  instead  of  a “yield”  symbol,  cdl  states  of 
matter  are  not  given,  and  the  equation  is  not  balanced. 

The  student  uses  correct  reasoning,  although  simple  means  of  communication,  in  discussing 
the  use  of  taller  chimneys.  The  student  demonstrates  an  understanding  of  principles  of 
dispersion  of  pollutants  over  larger  areas. 

The  student  has  identified  two  weather  conditions  (wind  and  precipitation)  that  could  interact 
with  the  sulphur  dioxide , but  has  not  explained  very  clearly  how  this  might  affect  a particular 
locality.  The  reference  to  “moisten  the  atmosphere”  needs  to  be  elaborated  upon  with 
precipitation  to  produce  acid  rain. 

The  student  provides  an  incomplete  and  naive  solution  to  the  problem . The  suggestion  to 
“catch  the  SO2”  indicates  a partial  understanding  of  what  could  be  done,  while  the  suggestion 
that  it  be  “change(d)  into  O2”  indicates  a poor  understanding  of  basic  chemistry. 
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Student  Examples 
Written  Response  3 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Written  Response  4 

Student  Task 


Migrating  eagles  have  been  known  to  travel  700  km  in  a day.  To  assist  their  flight,  they  rely 
on  rising,  warm  air  spirals  above  mountain  peaks.  For  brief  stretches  between  these  peaks, 
eagles  can  fly  as  fast  as  150  km/h.  This  type  of  flight  is  known  as  power  gliding. 


Use  the  following  information  to  answer  the  next  question. 


Questions 

a.  At  what  time  of  day  would  eagles  most  likely  encounter  the  strongest 
updrafts?  Why?  (1  mark) 

b.  A naturalist  stated,  “These  birds  hardly  ever  flap  their  wings;  they’re  solar-powered.” 
Why  would  the  naturalist  describe  eagles  as  solar-powered?  (1  mark) 

c.  Calculate  the  average  speed,  in  km/h,  for  a migrating  eagle  that  spends  1 1 hours  per  day 
flying  the  maximum  distance.  (2  marks) 

d.  An  eagle  was  observed  to  power-glide  at  maximum  speed  between  two  peaks  for  3.0 
minutes.  Determine  the  distance  between  the  peaks.  (2  marks) 
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Student  Examples 
Written  Response  4 


Answer  Key 


CLASSROOM 

ASSESSMENT 

MATERIALS 


4.a.  The  strongest  updrafts  would  occur  mid-day  to  late  in  the  day,  when  thermal  energy  rises 
from  the  heated  Earth. 

4.b.  The  updrafts  the  eagles  glide  on  are  the  result  of  thermal  energy  transfer  which  can  be 
traced  back  to  the  Sun. 

4.C.  The  velocity  of  the  eagle  is  64  km/h. 

V = Ml  tst 
= 700  km/1  Ih 
= 63.636  km/h 

4.d.  The  distance  travelled  by  the  eagle  is  7.5  x 10^  m or  7.5  km. 

M = vA^ 

= 150  km/h  X 1 000  m/km  x 3.0  min  x lh/60  min 
= 7 500  m 


Holistic  Scoring  Criteria  for  Written  Response  4 


Score 

Scoring  Criteria 

4 

Scientific  principles  are  used  to  explain  observed  phenomena  thoroughly  and 
correctly.  Data  are  accurately  and  completely  analyzed;  mathematical 
calculations  are  correct.  The  appropriate  scientific  algorithms,  formulas,  SI 
units,  and  significant  digits  are  consistently  used  in  showing  all  work 
for  calculations. 

3 

Scientific  principles  are  used  to  correctly  explain  observed  phenomena.  Data 
are  accurately  analyzed  and  mathematical  calculations  are  correct.  The 
appropriate  scientific  algorithms,  formulas  SI  units,  and  significant  digits  are 
used  in  showing  all  work  for  calculations. 

2 

Scientific  principles  are  used  to  explain  observed  phenomena.  Data  are 
analyzed;  mathematical  calculations  are  generally  correct  with  only  minor 
errors.  The  appropriate  scientific  algorithms,  formulas,  SI  units,  and 
significant  digits  are  not  consistently  used  in  showing  work  for  calculations. 

1 

Scientific  principles  are  used  inappropriately  or  are  lacking.  Data  may  be 
analyzed  but  mathematical  calculations  are  incorrect.  Scientific  algorithms, 
formulas,  SI  units,  and  significant  digits  are  used  inappropriately  or  not  at  all. 

0 

The  response  does  not  address  the  question  at  an  appropriate  level  for 
Science  10. 
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Student  Examples 
Written  Response  4 


CLASSROOM 

ASSESSMENT 

MATERIALS 


This  response  received  a mark  of  5 out  of  6 


Scoring  Criteria 

4 


Scientific  principles  are  used  to 
thoroughly  and  correctly  explain 
observed  phenomena. 

Data  are  accurately  and 
completely  analyzed; 
mathematical  calculations  are 
correct.  The  appropriate 
scientific  algorithms,  formulas, 

SI  units,  and  significant  digits  are 
consistently  used  in  showing  all 
work  for  calculations. 


Student  Example 
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Commentary 


The  student  has  applied  scientific  principles  to  correctly  identify  the  time  of  day  with  the 
greatest  updrafts , and  related  this  to  the  fact  that  they  rise  because  they  are  warm. 

The  response  to  part  B does  not  explain  why  the  birds  are  “solar- powered”  and  actually 
represents  a less  than  acceptable  response.  Because  the  student  has  provided  excellent 
responses  to  all  other  parts  of  the  question,  the  response  is  considered  excellent  overall. 

The  student  has  correctly  calculated  the  average  speed  of  the  eagles  and  the  distance  between 
mountain  peaks.  The  answers  are  expressed  to  the  correct  number  of  significant  digits  and  in 
appropriate  units . The  student  has  also  shown  the  formulas  used  and  complete  calculations , 
as  specified  in  the  instructions  at  the  front  of  the  exam  booklet. 
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Student  Examples 
Written  Response  4 


This  response  received  a mark  of  3 out  of  6. 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Scoring  Criteria 

2 


Scientific  principles  are  used  to 
explain  observed  phenomena. 

Data  axe  analyzed;  mathematical 
calculations  are  generally  correct, 
with  only  minor  errors.  The 
appropriate  scientific  algorithms, 
formulas,  SI  units,  and 
significant  digits  are  not 
consistently  used  showing  work 
for  calculations. 


Student  Example 
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Commentary 


The  student  has  applied  scientific  principles  to  correctly  identify  the  time  of  day  with  the 
greatest  updrafts , and  has  related  this  to  the  heat  generated. 

The  response  to  Part  B is  a true  statement  but  does  not  explain  why  the  birds  are 
“solar  powered.” 

The  student  has  correctly  calculated  the  average  speed  of  the  eagles  and  the  distance 
between  mountain  peaks.  The  answers  are  expressed  to  the  correct  number  of  significant 
digits  and  in  appropriate  units . These  responses  are  only  acceptable  and  not  excellent 
because  the  student  has  not  shown  the  formulas  used  or  all  work  for  calculations , as 
specified  in  the  instructions  at  the  front  of  the  exam  booklet. 
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Performance  Assessment 

• Task  1:  Heating  Water  Efficiently 

• Task  2:  Using  Plant  Cells  to 
Determine  Salt  Concentration 

• Task  3:  Designing  a Cold  Pack 

• Task  4:  Analyzing  Uniform  Motion 
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CLASSROOM 

ASSESSMENT 

MATERIALS 


Holistic  Scoring  Criteria  for  Planning  and  Designing 


Score 

Scoring  Criteria 

4 

The  problem  is  clearly  stated  and  understood,  and  a well-thought-out  plan  is 
devised;  the  procedure  and  design  described  are  appropriate  (valid,  practical, 
and  workable)  for  solving  the  problem. 

3 

The  problem  is  stated  and  understood,  and  a workable  plan  is  devised;  the 
procedure  and  design  described  (with  modification  to  remove  errors  and  make 
up  omissions)  can  be  used  to  solve  the  problem. 

2 

The  problem  is  stated  and  pairtially  understood,  and  a plan  is  written;  the 
procedure  and  design  described  are  generally  appropriate  for  solving  only  part 
of  the  problem. 

1 

The  problem  is  not  well  understood  and  the  plan  is  incomplete;  the  procedure 
and  design  described  are  inappropriate  for  solving  the  problem. 

0 

No  attempt  is  made  to  understand  the  problem,  or  develop  a plan,  procedure, 
or  design  for  solving  the  problem. 

Holistic  Scoring  Criteria  for  Petforming  and  Recording 


Score 

Scoring  Criteria 

4 

The  procedure  is  carried  out  accurately,  systematically,  and  safely  to  gather 
complete  data  without  any  errors  or  omissions;  materials  and  apparatus  are 
used  correctly  and  efficiently;  observations  and  data  are  clearly,  neatly, 
logically,  and  completely  recorded,  consistently  using  scientific  conventions 
of  communication. 

3 

The  procedure  is  carried  out  accurately  and  safely  to  gather  data  that  ^lre 
mostly  complete  but  may  contain  some  errors  or  omissions;  materials  and 
apparatus  are  used  correctly;  observations  and  data  are  recorded  neatly,  using 
scientific  conventions  of  communication. 

2 

The  procedure  is  carried  out,  but  the  data  collected  are  incomplete;  materials 
and  appeiratus  are  used  appropriately;  observations  and  data  are  recorded 
clearly  and  neatly,  but  there  are  some  errors  and  omissions,  and  scientific 
conventions  of  communication  are  not  always  consistently  followed. 

1 

The  procedure  is  carried  out,  but  the  data  obtained  are  incomplete  and 
inaccurate;  observations  and  data  recorded  contain  many  errors  and  omissions. 

0 

The  procedure  is  attempted,  but  data  obtained  cannot  be  used  to  solve 
the  problem. 
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Performance  Assessment 


MATERIALS 


Holistic  Scoring  Criteria  for  Analyzing  and  Applying 


Score 

Scoring  Criteria 

4 

Data  and  observations  are  accurately  and  completely  analyzed;  appropriate 
mathematical  calculations  and  graphical  analysis  are  correctly  performed;  the 
result  is  correct,  and  there  is  a low  experimental  error;  a complete  and 
accurate  interpretation  and  conclusion  are  reached. 

3 

Data  and  observations  are  completely  analyzed;  appropriate  mathematical 
calculations  and  graphical  analysis  are  performed,  but  contain  some  errors;  the 
result  contains  inaccuracies,  and  there  may  be  a high  experimental  error;  the 
interpretations  and  conclusions  are  mostly  correct. 

2 

Data  and  observations  are  analyzed;  mathematical  calculations  and  graphical 
analysis  are  performed,  but  are  only  partially  correct;  the  result  contains 
inaccuracies  in  relation  to  the  data  obtained;  the  interpretations  and 
conclusions  are  only  partially  supported  by  the  data. 

1 

Data  and  observations  analysis  are  incomplete  or  inaccurate;  mathematical 
calculations  and  graphical  analysis  are  either  not  attempted  or  are  incorrect; 
the  conclusions  reached  are  unsupported. 

0 

No  analysis  is  performed,  and  no  conclusion  is  reached. 
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Performance  Assessment 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Task  1:  Heating  Water  Efficiently 


Student  Task 


Note:  The  assessment  focus  of  this  activity  is  on  Performing  and  Recording  and  on  Analyzing 
and  Applying. 

Introduction 

Water  can  be  heated  by  a variety  of  energy  sources.  Efficient  use  of  energy  is  encouraged 
to  protect  the  environment  and  make  good  use  of  our  natural  resources.  Heating  water 
efficiently  in  the  home  can  also  serve  to  reduce  the  cost  of  energy. 

Planning  and  Designing 

Problem 

How  can  a heating  method  be  made  more  efficient? 

Prediction 

Make  a prediction  about  the  efficiency  of  heating  water  with  a candle. 

Experimental  Design 

Water  is  heated  by  burning  a candle.  The  output  energy  is  determined  from  the 
temperature  change  of  a measured  mass  of  water.  The  input  energy  is  calculated  from  the 
mass  of  burned  wax  and  the  heat  of  combustion  of  wax.  A method  is  developed  for 
increasing  the  efficiency  of  the  candle  heater. 


Materials 


• water 

• graduated  cylinder 

• thermometer 

• balance 

• stirring  rod 


• candle 

• small  tin  can 

• ring  stand 

• base  for  candle  (lid  from  tin  can) 


Safety  Precautions 

Tie  back  long  hair  and  roll  up  loose  sleeves  before  lighting  the  candle. 
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Performance  Task  1 


f il*  CLASSROOM 
ASSESSMENT 
i I MATERIALS 

Performing  and  Recording 

Procedure 

1.  Determine  the  initial  mass  of  a candle. 

2.  Using  a graduated  cylinder,  measure  200  mL  of  cold  tap  water  into  a small  tin  can. 

3.  Measure  the  temperature  of  the  water,  then  use  the  ring  stand  to  suspend  the  can  over 
the  candle. 

4.  Light  the  candle. 

5.  Heat  the  water  until  its  temperature  is  approximately  40°C. 

6.  Measure  the  final  temperature  of  the  water  and  the  final  mass  of  the  candle. 

Evidence 

Record  the  data  collected  in  a suitable  table. 

Analyzing  and  Applying 

Analysis 

1.  Calculate  the  energy  absorbed  to  heat  the  water,  using  the  formula,  Q 

2.  Given  that  the  heat  of  combustion  of  candle  wax  is  47.2  kJ/g,  calculate  the  energy  given  off 
by  the  burning  candle. 

3.  Calculate  the  efficiency  of  heating  water  with  the  burning  candle. 

Application 

Describe  two  ways  of  improving  the  heating  efficiency  of  the  candle. 
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CLASSROOM 

ASSESSMENT 

MATERIALS 


This  response  received  a mark  of  8 out  of  8. 

Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

4 


Student  Example 

Evidence  (table) 


The  procedure  is  carried  out 
accurately,  systematically,  and 
safely  to  gather  complete  data 
without  any  errors  or  omissions; 
materials  and  apparatus  are  used 
correctly  and  efficiently; 
observations  and  data  are  clearly, 
neatly,  logically,  and  completely 
recorded,  consistently  using 
scientific  conventions 
of  communication. 
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Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  student  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  complete  and  accurate  data.  As  instructed  in  the  procedure  for 
the  experiment,  the  student  has  determined  the  mass  of  the  candle  before  combustion  as  well 
as  after,  and  has  measured  the  temperature  of  the  water  before  and  after  it  was  heated. 
Observations  and  data  are  clearly,  neatly , and  logically  recorded.  The  student  has 
displayed  the  data  in  a table , using  scientific  conventions  of  communication.  Proper 
headings  that  include  correct  scientific  terminology  and  units  of  measurement  have  been 
used,  and  the  table  is  drawn  neatly , using  a straight  edge  and  adequate  spacing , so  that  it  is 
easily  read  and  understood.  The  changes  in  the  mass  of  the  candle  and  in  the  temperature  of 
the  water  have  been  correctly  calculated  and  appropriately  recorded  in  the  table. 


Continued 
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Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

4 


Data  and  observations  are 
accurately  and  completely 
analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  correctly 
performed;  the  result  is  correct, 
and  there  is  a low  experimental 
error;  a complete  and  accurate 
interpretation  and  conclusion 
are  reached. 


Student  Example 


Analysis 
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Commentary 


The  data  and  observations  are  accurately  and  completely  analyzed.  The  quantities  of  heat, 
q,  required  to  heat  the  water  and  produced  by  the  candle , have  been  accurately  calculated  and 
rounded  off  to  the  correct  number  of  significant  digits.  The  student  has  set  up  the  correct 
relationship  for  determining  the  percent  efficiency  of  heating  the  water,  but  makes  an  error  in 
calculating  it.  This  mistake  does  not  detract  from  the  good  results  obtained  and  the  low 
experimental  error . The  interpretations  are  correct  and  the  conclusions  are  supported. 
The  student  has  demonstrated  understanding  of  the  situation  by  suggesting  two  very  practical 
ways  for  improving  the  efficiency  of  heating  the  water  and  also  explaining  why  these  methods 
would  reduce  energy  loss. 
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This  response  received  a mark  of  6 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

Student  Example 

3 

Evidence  (table) 

The  procedure  is  carried  out 
accurately  and  safely  to  gather 
data  that  are  mostly  complete  but 

Te.O'^pe.rorViAre.  O-C  \wcdar-  \ie^one  -Vo  li^C. 

which  may  contain  some  errors 
or  omissions;  materials  and 

(o. 

apparatus  are  used  correctly; 
observations  and  data  are 

recorded  neatly,  using  scientific 
conventions  of  communication. 

Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  complete  and  accurate  data.  As  instructed  in  the  procedure  for 
the  experiment,  the  student  has  determined  the  mass  of  the  candle  before  combustion  as  well 
as  after,  and  has  measured  the  temperature  of  the  water  before  and  after  it  was  heated. 
Observations  and  data  are  clearly  and  neatly  recorded.  The  student  has  displayed  the 
data , using  scientific  conventions  of  communication.  Units  of  measurement  have  been 
included  with  the  observations , but  there  is  a small  inconsistency  in  recording  the  mass  of  the 
candle— two  decimal  places  are  included  in  one  reading  and  only  one  in  the  other.  The  data 
are  recorded  neatly  so  that  they  are  easily  read  and  understood;  however,  this  section  would 
have  been  given  a higher  score  if  the  student  had  recorded  the  data  in  proper  tabular  form. 


Continued 
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Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

3 


Data  and  observations  are 
completely  analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  performed, 
but  contain  some  errors;  the  result 
contains  inaccuracies,  and  there 
may  be  a high  experimental  error; 
the  interpretations  and 
conclusions  are  mostly  correct. 


Student  Example 

Analysis 

1. 

0 = aT 

(^-l  (3^  aoo-H.h- ao 

M a-  \n  x t 

^hT-'XO^C, 

~ Kr  X Am 

\oy 

cl 

3. 

'/o  d}\(L\iir\OA  - 

‘inj>iA4 

Vc  e^cW.oc«A  1 ./  lOO  % 2 3r7 

Application 

To  O'f 

■lo  ikjL  ZLrf)(-L.  cfin/ ^ u 'OA- 

^ C\rc,ul^fp  ^ 7d~  \tjir<id  'W  curJ\^\^ 

Vo  -aU  VVt  C(?'-‘AVicn  to 

o\\c.^  htU  +0  CO-^feA-f/A^  14^ 

So  e.peri'Vrr. 

Commentary 


The  data  and  observations  are  accurately  and  completely  analyzed.  The  quantities  of 
heat,  q,  required  to  heat  the  water  and  produced  by  the  combustion  of  the  candle,  have  been 
accurately  calculated  and  rounded  off  to  the  correct  number  of  significant  digits.  The  student 
has  correctly  determined  the  percent  efficiency  of  heating  the  water,  but  the  value  is  a little 
lower  than  expected , indicating  some  experimental  error . The  interpretations  are 
partially  correct  and  the  conclusions  are  supported.  The  student  has  described  two  ways 
of  improving  the  efficiency  of  this  method  of  heating  water , but  the  first  is  not  based  on 
scientifically  sound  principles.  Restricting  the  amount  of  oxygen  circulating  around  the 
candle  may  eventually  remove  oxygen  from  the  combustion  process  and  snuff  out  the  candle. 
Placing  a glass  bell  around  the  candle  may  temporarily  focus  the  thermal  energy  for  heating 
the  water,  but,  if  the  system  is  entirely  enclosed,  it  will  also  deprive  the  flame  of  oxygen. 
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ASSESSMENT 


This  response  received  a mark  of  4 out  of  8. 

Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

2 

The  procedure  is  carried  out,  but 
the  data  collected  are  incomplete; 
materials  and  apparatus  are 
used  appropriately;  observations 
and  data  are  recorded  clearly 
and  neatly,  but  there  are  some 
errors  and  omissions,  and 
scientific  conventions  of 
communication  are  not  always 
consistently  followed. 


F 1 


Student  Example 


Evidence  (table) 


fein 

31  It 

5 3.00^ 

31 

1 31:31 

as-t3 

53-DOj 

40 

Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  incomplete  and  partly  inaccurate  data.  As  instructed  in  the 
procedure  for  the  experiment,  the  student  has  determined  the  mass  of  the  candle  before 
burning  as  well  as  after,  and  has  measured  the  temperature  of  the  water  before  and  after  it  was 
heated.  Observations  and  data  are  clearly  and  neatly  recorded,  but  there  are  some 
obvious  errors.  For  example,  the  total  mass  of  the  candle  and  the  petri  dish  in  which  it  was 
weighed  has  remained  unchanged,  while  the  mass  of  the  petri  dish  has  increased.  The  mass  of 
the  candle  has  decreased,  which  is  appropriate;  however,  it  has  changed  too  little  to  heat  this 
quantity  of  water  to  the  temperature  indicated.  Therefore,  tbe  experimental  error  is  bigb. 
The  student  has  displayed  the  data,  using  scientific  conventions  of  communication.  Units  of 
measurement  have  been  included  with  the  observations,  and  a neat  tabular  form  is  used. 
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,1  I MATERIALS 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

2 


Data  and  observations  are 
analyzed;  mathematical 
calculations  and  graphical 
analysis  are  performed,  but  are 
only  partially  correct;  the  result 
contains  inaccuracies  in  relation 
to  the  data  obtained;  the 
interpretations  and  conclusions 
are  only  partially  supported  by 
the  data. 


Student  Example 

Analysis 

1. 

Qmsni 

C ~ ^ ) (^  i3  y icf ') 


2. 


4?.:iKj/i  •o.fek 


/yiOf^  e{  buf/fe<l  triOK  - O'hl^  Tj  f 


/^fficAF.nCKI  - l(j^C  IPO 


g/  /fcrJ/j 


enpf^xy. 


tk>^C 


( ^ 33 


Application 


;&  i^creQSg  7h.  hnhn^  p.fi^og^ry  o/"  iU  cc^dU.  iL 

bg  doS€ri 

Sa  U/>i:::iV  eKvgx^v/  oo&T^'i  i?scc,pg.  fi  -hul^g 

bg  plcAce.<^  OLYf?\A/riA  -fLg.  r'Ci/^rilj2.  SO  e^or^Y 

e<;rnri^  ■ finoiUj'  fa  /nn^fOvM  ef?;c'eoc./ 

i‘3  h>  .Qr  f,-<o  ^/gfe  ^>f  n pz-fri  

Kgg-f  QibsorUt^  by,  ^ plc-/c  >vi  H fU  hrJ 

C/6  /f 
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ASSESSMENT 
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Commentary 


The  data  and  observations  are  analyzed , but  the  calculations  are  only  partly  correct.  The 

quantities  of  heat,  q,  required  to  heat  the  water  and  produced  by  the  combustion  of  the  candle 
have  been  accurately  calculated,  based  on  the  data,  but  are  not  expressed  correctly.  The  answer 
to  question  1 is  not  expressed  in  proper  scientific  notation  nor  is  it  rounded  off  to  the  correct 
number  of  significant  digits,  while  the  answer  to  question  2 has  incorrect  units  (Joules  instead 
of  kilojoules).  The  percent  efficiency  of  heating  the  water  is  incorrectly  determined.  It  is 
obvious  that  the  student  does  not  understand  this  concept , as  the  final  temperature  was 
substituted  for  input  energy  and  the  heat  of  combustion  for  candle  wax  substituted  for  output 
energy.  The  interpretations  are  partially  correct  and  the  conclusions  are  supported.  The 
student  has  described  one  excellent  way  of  improving  the  efficiency  of  this  method  of  heating 
water.  Placing  a tube  around  the  candle  will  prevent  thermal  energy  from  escaping  to  the 
surroundings  as  rapidly.  It  is  not  clear  how  the  tin  plate  is  to  be  used.  If  used  as  a deflector, 
this  would  direct  heat  at  the  water.  However,  if  just  used  as  a holder  for  the  candle,  this  would 
not  improve  heating  efficiency  to  any  extent. 
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This  response  received  a mark  of  2 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

Student  Example 

1 

Evidence  (table) 

The  procedure  is  carried  out,  but 

the  data  obtained  are  incomplete 

O O 

and  inaccurate;  observations  and 

1 Cw\)p 

data  recorded  contain  many  errors 
and  omissions. 

Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  incomplete  and  partly  inaccurate  data.  As  instructed  in  the 
procedure  for  the  experiment,  the  student  has  determined  the  mass  of  the  candle  before 
burning  as  well  as  after  and  has  measured  the  temperature  of  the  water  before  and  after  it  was 
heated.  Observations  and  data  are  recorded,  but  there  are  some  obvious  errors.  The 
most  critical  error  is  that  the  mass  of  the  candle  has  increased  instead  of  decreasing  due  to 
combustion;  therefore,  the  experimental  error  is  very  high.  In  displaying  the  data,  the 
student  has  not  used  scientific  conventions  of  communication.  Units  of  measurement  have 
not  been  included  with  the  observations , and  labels  for  the  changes  are  confusing ; for 
example,  the  labels  “Candle  Temp.”  and  “candle  mass”  are  applied  to  both  temperature  and 
mass  changes. 


Continued 


Science  10 


34 


Student  Examples 
Performance  Task  1 
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MATERIALS 


Scoring  Criteria  for 
Analyzing  and  Applying 

1 


Data  and  observations  analysis 
are  incomplete  or  inaccurate; 
mathematical  calculations 
and  graphical  analysis  are 
either  not  attempted  or  are 
incorrect;  the  conclusions 
reached  are  unsupported. 


Student  Example 


Analysis 


3. 


Application 

Tudq 


\Arxve 


'fVTjO/d  fl\( 
cOCv  1 tari. 


Commentary 


The  data  and  observations  are  analyzed,  but  the  calculations  are  incorrect.  The  quantity 
of  heat,  q,  required  to  heat  the  water  has  been  calculated  based  on  incorrect  data.  The  correct 
temperature  change  of  21°C  has  been  used  but,  instead  of  the  change  in  mass  of  the  candle, 
the  final  mass  of  the  candle  has  been  substituted  into  the  equation  and  the  heat  of  combustion 
for  candle  wax  has  been  substituted  for  the  specific  heat  capacity  of  water,  c.  The  answer  has 
not  been  expressed  to  the  correct  number  of  significant  digits.  The  same  answer  is  given  for 
both  questions  1 and  2,  indicating  that  the  student  does  not  understand  where  energy  is  being 
produced  or  absorbed.  The  student  has  incorrectly  determined  the  percent  efficiency  of 
heating  the  water.  It  is  obvious  the  student  does  not  understand  this  concept , as  the  heat 
calculated  (incorrectly)  for  both  the  input  and  output  energy  was  substituted  for  input  energy 
and  a value  of  unspecified  origin  was  substituted  for  output  energy.  Tbe  biterpretations  and 
conclusions  are  incorrect  and  unsupported.  The  student  has  identified  a method  for 
heating  the  water  faster,  rather  than  more  efficiently. 
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Task  2:  Using  Plant  Cells  to  Determine 
Salt  Concentration 

Student  Task 


Note:  The  assessment  focus  for  this  activity  is  on  Performing  and  Recording  and  on  Analyzing 
and  Applying. 

Introduction 

Scientists  frequently  use  living  cells  to  test  the  effectiveness  of  chemicals,  drugs,  or 
hormones.  This  technique,  termed  bioassay,  can  also  be  used  to  determine  the  strengths  or 
concentrations  of  prepared  solutions,  such  as  vitamin  A or  D extractions.  A microscope  is 
often  used  in  conjunction  with  bioassay  techniques. 


Planning  and  Designing 

Problem 

Can  living  plant  cells  be  used  to  identify  the  salt  concentration  of  unknown  salt  solutions? 

Prediction 

Observations  of  changes  in  living  plant  cells  exposed  to  various  solutions  can  be  used  to 
estimate  the  salt  concentration  of  solutions  applied  to  them. 

Experimental  Design 

Wet  mounts  of  onion  epidermal  tissue  are  exposed  to  three  different  solutions.  The  osmotic 
effect  on  the  cells  is  then  used  to  estimate  the  salt  concentrations  of  each  solution. 
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ASSESSMENT 
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• microscope,  slides,  and  cover  slips 

• onion  pieces 

• forceps 

• scalpel 

• lens  tissue  paper 

• unknown  solutions  marked  A,  B , C containing  of  0.9  percent  NstCl (aq) , 

5.0  percent  NaCl(o^) , and  distilled  water 

Note:  Methylene  blue  solution  may  be  needed  to  stain  the  onion  epidermis . 

Safety  Precautions 

• Wear  an  apron  or  lab  coat  and  safety  glasses. 

• CAUTION:  Use  care  when  handling  the  scalpel,  as  the  blades  are  extremely  sharp. 

Performing  and  Recording 

Procedure 

1.  Prepare  wet  mounts  of  the  thin  layer  of  onion  epidermis  with  salt  solution  A,  B,  or  C. 

2.  Make  the  necessary  adjustments  to  observe  the  wet  mounts  under  high  power. 

3.  Observe  one  or  two  cells  in  each  wet  mount.  Locate  the  cell  wall,  cell  membrane, 
and  cytoplasm. 


Enter  your  observations  on  the  data  table.  Include  a labelled  diagram  of  one  cell  for  each 
observation,  in  addition  to  your  descriptions. 

Analyzing  and  Applying 

Analysis 

Based  on  your  observations,  determine  which  of  the  solutions  A,  B,  and  C contains  0.9 
percent  NaCl^o^j , which  contains  5.0  percent  NaCl (aq) , and  which  is  distilled  water. 


This  procedure  indirectly  determines  solute  concentration  of  the  cytoplasm  in  the  onion  cells. 
State  a hypothesis  regarding  the  solute  concentration  of  the  cytoplasm  of  these  onion  cells. 


Evidence 


Synthesis 
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This  response  received  a mark  of  7 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

3 


The  procedure  is  carried  out 
accurately  and  safely  to  gather 
data  that  are  mostly  complete  but 
which  may  contain  some  errors  or 
omissions;  materials  and 
apparatus  ^lre  used  correctly; 
observations  and  data  are 
recorded  neatly,  using  scientific 
conventions  of  communication. 


Student  Example 

Evidence 


Solution 

Observations  of  Cell  Characteristics 

Pr 

lOno  Cc.cjf^r^ltxr-  C-€-/l,S  irh  ijnfi- 

c 

^Or\^  C.^cK  t“ec6n/^tJloir  ^ 

SoludLorv  C\/6oplc£>n\  SuJfe 

Solution 

Cell  Shape  Sketch 

c-i.ll  u^l 

^ 4^ 

L^r— — f- — 

cell  ' 

rr\ 

c 

Cell 

Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  complete  data  and  made  accurate  observations.  The  descriptions 
of  the  cells,  particularly  what  is  happening  to  the  cytoplasm  in  each  solution,  is  what  is 
expected  for  this  experiment.  The  drawings  are  representative  of  the  microscope  view  of 
onion  epidermis  cells  at  400  power.  The  student  would  have  achieved  a higher  score  if  the 
diagrams  had  contained  more  detail  and  been  labelled  using  proper  scientific  conventions, 
that  is,  with  all  the  labels  aligned  to  one  side  of  the  diagram  and  the  connecting  lines  drawn 
with  a straight  edge. 
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Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

4 

Student  Example 

Analysis 

perc^ni-  kAxS  So(06/c>r\  /AJ^4>rrAOz,£. 

cfiDufYie  mOck  Art  % 

Data  and  observations  are 
accurately  and  completely 
analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  correctly 
performed;  the  result  is  correct, 
and  there  is  a low  experimental 
error;  a complete  and  accurate 

tke  Udtiter^  ooc  Me  Me 

k)oJ:cr  the, 

H-lC  CkDci.  u>en<r  rs  ^ 

Synthesis 

-Ikere  Incth  cxr*rA  (Ajo-jker  \ r\ 

(a  anrl  Lok^y^  tke  re  \S  Oynff 

QmryJn4-  either  C^r\<p  iri-\ 

)or\i\n  (Dne 

kk\e  rlrUer-  nr'  d>/'A  ^ 

interpretation  and  conclusion 
are  reached. 

Commentary 

The  student  has  analyzed  the  data  and  observations  completely  and  accurately.  The 

concentration  of  each  solution  has  been  correctly  identified.  The  student  has  explained  why 
these  conclusions  were  made.  The  interpretations  are  correct  and  the  conclusions  are 
supported.  The  student  clearly  understands  that,  for  a cell  to  remain  unchanged,  the 
surrounding  solution  must  be  isotonic  with  the  cytoplasm  and  that , when  the  solution  is 
hypertonic  or  hypotonic,  water  and  salt  will  either  move  out  of  or  into  the  cell  to  maintain  a 
balance.  The  student  has  related  this  to  the  shrinking  and  expansion  of  the  cytoplasm. 
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This  response  received  a mark  of  6 out  of  8. 

Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

3 


The  procedure  is  carried  out 
accurately  and  safely  to  gather 
data  that  are  mostly  complete  but 
may  contain  some  errors  or 
omissions;  materials  and 
apparatus  are  used  correctly; 
observations  and  data  are 
recorded  neatly,  using  scientific 
conventions  of  communication. 


Student  Example 


Evidence 


Solution 

Observations  of  Cell  Characteristics 

A 

IN  sate  A cai  toov^eO  \)0o  cocx^i 
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Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  complete  data  and  made  accurate  observations.  The  descriptions 
of  the  cells  are  detailed  and  informative.  The  drawings  are  mostly  accurate  for  the 
microscope  view  of  onion  epidermis  cells  at  400  power.  There  is,  however,  a lack  of 
distinction  between  the  cell  wall  and  the  cell  contents.  The  student  would  have  achieved  a 
higher  score  if  the  diagrams  had  been  labelled  using  proper  scientific  conventions,  that  is, 
with  all  the  labels  aligned  to  one  side  of  the  diagram  and  the  connecting  lines  drawn  with  a 
straight  edge . 


Continued 
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Student  Examples 
Performance  Task  2 


CLASSROOM 

ASSESSMENT 


J'l  MATERIALS 

Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

3 


Data  and  observations  are 
completely  analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  performed, 
but  contain  some  errors;  the  result 
contains  inaccuracies,  and  there 
may  be  a high  experimental  error; 
the  interpretations  and 
conclusions  are  mostly  correct. 


Student  Example 

Analysis 

?y\DPfS  en\.  flvVrri  Jsnur  Ar  tur\b  \\Ctrutr 

aV  cavM/^ 

Synthesis 

aV.mu.-«\V  (k  VV><nG^  AtiinMl  C 

Commentary 


The  student  has  analyzed  the  data  and  observations  completely  and  accurately.  The 

concentration  of  each  solution  has  been  correctly  identified.  The  student  has  explained  why 
these  conclusions  were  made.  The  interpretations  and  conclusions  are  partially  correct. 
The  student  shows  some  understanding  of  the  movement  of  materials  based  on  solute 
concentration;  for  example,  by  explaining  that  when  a cell  is  placed  in  a hypertonic  solution, 
water  will  move  out  of  the  cell,  causing  it  to  shrink.  The  student  did  not  recognize  that  the 
cell  cytoplasm  took  in  water  when  placed  in  the  distilled  water  (A),  interpreting  this  instead  as 
an  isotonic  situation. 
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Student  Examples 
Performance  Task  2 


CLASSROOM 

ASSESSMENT 

MATERIALS 


This  response  received  a mark  of  4 out  of  8. 

Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

Evidence 

Student  Example 

2 

Solution 

Observations  of  Cell  Characteristics 

A 

E 

The  procedure  is  carried  out, 
but  the  data  collected  are 
incomplete;  materials  and 
apparatus  are  used 
appropriately;  observations 
and  data  are  recorded  clearly 
and  neatly,  but  there  are  some 
errors  and  omissions,  and 
scientific  conventions  of 
communication  are  not  always 

A. 

Solution 

Cell  Shape  Sketch 

A 

consistently  followed. 

E 

^ cy  to  Phs  /v7 

^ 

• 

6 

Continued 


Science  10 


43 


Student  Examples 
Performance  Task  2 


^ CLASSROOM 
' ASSESSMENT 
MATERIALS 


Continued 


Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  data  and  made  partially  correct  observations.  The  descriptions  of 
the  cells  could  have  been  more  detailed  and  informative.  The  drawings  are  mostly  accurate  for 
the  microscope  view  of  onion  epidermis  cells  at  400  power,  and  are  labelled  as  instructed.  The 
student  would  have  achieved  a higher  score  if  the  diagrams  had  been  labelled  using  proper 
scientific  conventions,  that  is,  with  all  the  labels  aligned  to  one  side  of  the  diagram  and  the 
connecting  lines  drawn  with  a straight  edge . 


Continued 
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Student  Examples 
Performance  Task  2 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

2 


Data  and  observations  are 
analyzed;  mathematical 
calculations  and  graphical 
analysis  are  performed,  but  are 
only  partially  correct;  the  result 
contains  inaccuracies  in  relation 
to  the  data  obtained;  the 
interpretations  and  conclusions 
are  only  partially  supported  by 
the  data. 


Student  Example 


Analysis 


oioS€YV»-t\)>. 


'VCvit.  OVaLqv 


. Ts  o.q  r’gLX.  ^ 

S*.  O CJtU~jC  N.I^C.1  1.»>A  C clj.c'C!.V\<Lj( 

, 


Synthesis 

tK^  (je.Us  e^ou^  Kc  Cg  ^^S  cov-t. 

CAi^Oy,l.u-av.. 

'\tyji  oWow  C^\s  Is  O^^AXtaL)  U'^t^ ' V>eau.A.  odt.S 


OjtC 


— 2U3 

7.^  ).jL 


^0  •tV»wv  H\i  0 ^a!?!  fXiL  cgV'V  (y  XvC^Ol  •yW  caAV  t 

*T^iM-gfirvf . ‘t'W,  om?o*^  (nJ*i'  -^oy«,.f7o»\  kj^e.  4^u- 

ov^f-u,  QLM.r 

^ v~^g^  V ulvfe.  PV  CA'^^JU.t'nyjX,^  rfh  +&A 

gotObL..  J5)C  ^ ^ 


Commentary 


The  student  has  analyzed  the  data  and  observations,  but  the  results  are  inaccurate.  The 
concentration  of  solutions  A and  C have  not  been  correctly  identified.  The  interpretations 
are  partially  correct  and  supported.  The  student  shows  some  understanding  of  the 
movement  of  materials  based  on  solute  concentration;  for  example,  by  explaining  that  a cell 
will  take  in  water  when  the  concentration  of  its  cytoplasm  is  greater  than  that  of  the  solution  in 
which  it  is  placed.  The  student  incorrectly  concludes  that  the  concentration  of  the  cytoplasm 
varies  from  cell  to  cell;  instead,  reference  should  have  been  made  to  the  solution  concentration 
in  explaining  the  movement  of  water  in  and  out  of  the  cell. 
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Student  Examples 
Performance  Task  2 


s CLASSROOM 
ASSESSMENT 
f|  MATERIALS 


This  response  received  a mark  of  2 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

1 


The  procedure  is  carried  out,  but 
the  data  obtained  are  incomplete 
and  inaccurate;  observations  and 
data  recorded  contain  many  errors 
and  omissions. 


Student  Example 


Evidence 


Solution 

Observations  of  Cell  Characteristics 

A 

IV  io  Vbe  cell 

C 

Hqc\  \\frle  ceU 

Solution 

Cell  Shape  Sketch 

k 

6 

c 

Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 

The  student  has  gathered  data  which  are  incomplete  and  inaccurate.  The  descriptions  of 
the  cells  do  not  relate  to  the  requirements  of  the  task  which , are  to  look  for  changes  in  the  cells 
and  relate  them  to  the  three  different  solutions.  The  drawings  are  mostly  incorrect  for  the 
microscope  view  of  onion  epidermis  cells  at  400  power  and  are  not  labelled  as  instructed.  The 
first  sketch  most  closely  resembles  an  onion  epidermal  cell,  while  the  third  sketch  is  lacking  a 
cell  wall , and  the  latter  two  diagrams  contain  interior  structures  that  one  would  not  expect  to 
find  in  these  cells. 


Continued 
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Student  Examples 
Performance  Task  2 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

1 


Data  and  observations  analysis 
are  incomplete  or  inaccurate; 
mathematical  calculations  and 
graphical  analysis  are  either  not 
attempted  or  are  incorrect; 
the  conclusions  reached 
£u*e  unsupported. 


Student  Example 

Anal3W 

^ C^.CX  v x 

^ — 


Synthesis 

fAn  (t>r<v^KNo  vv,TV.M  

\(^XkkXk^  \.iTKJy 

o ) 


Commentary 


The  analysis  is  incorrect.  None  of  the  three  solutions  is  identified  correctly  and  no 
explanation  is  provided  for  the  choices  made.  The  interpretations  are  incorrect  and  the 
conclusions  are  poorly  supported.  The  student  suggests  that  the  solute  concentration  of  the 
cytoplasm  increases  when  the  cell  is  placed  in  a salt  solution.  This  would  be  true  if  the  salt 
solution  was  hypertonic  compared  to  the  cytoplasm,  but  this  is  not  stated.  The  student 
incorrectly  states  that  no  change  will  occur  when  the  cell  is  placed  in  distilled  water.  No 
explanation  is  provided  for  either  conclusion. 
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Student  Examples 
Performance  Task  2 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Task  3:  Designing  a Cold  Pack 


Student  Task 


Note:  The  assessment  focus  of  this  activity  is  on  Planning  and  Designing  and  on  Analyzing 
and  Applying. 

Introduction 

A cold  compress  is  recommended  to  immediately  reduce  swelling  due  to  an  injury.  While 
ice  can  be  used  for  this  purpose,  a more  recent  development  has  been  the  chemical  cold  pack, 
which  can  be  kept  at  room  temperature.  When  it  is  squeezed,  an  endothermic  chemical 
change  occurs  and  the  pack  becomes  quite  cold. 


Planning  and  Designing 

Problem 

Can  you  determine  an  amount  of  chemical  to  use  in  a cold  pack  that  could  function  to  reduce 
the  swelling  from  an  injury? 

Background  Information 

An  endothermic  change  takes  place  when  ammonium  nitrate  is  dissolved  in  water.  The 
energy  for  this  change  is  absorbed  from  the  surroundings. 

Experimental  Design 

Design  a procedure  and  perform  an  experiment  to  determine  an  appropriate  mass  of 
ammonium  nitrate  to  put  in  a cold  pack. 

Materials 

• 10  mL  graduated  cylinder 

• thermometer 

• watch  glass 

• spatula 

• balance 

• ammonium  nitrate  solid 

• polystyrene  cups 

• plastic  spoon 
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Student  Examples 
Performance  Task  3 


Safety  Considerations 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Wear  an  apron  or  lab  coat  and  safety  glasses.  Dispose  of  solutions  in  designated  containers. 


Performing  and  Recording 

Procedure 

1.  Use  the  materials  provided  to  determine  an  appropriate  amount  of  ammonium  nitrate  to 
dissolve  in  10  mL  of  water. 

2.  Perform  several  tests  until  a maximum  temperature  decrease  is  recorded. 

3.  Write  out  the  procedure  you  plan  to  use  and  show  it  to  your  teacher  before  proceeding. 

Evidence 

Record  your  data  in  a suitable  table. 

Analyzing  and  Applying 

Analysis 

1.  Calculate  the  change  in  temperature  for  each  test. 

2.  Which  amount  of  ammonium  nitrate  causes  the  greatest  temperature  change? 

Application 

Propose  a design  for  a workable  cold  pack,  based  on  the  results  of  this  investigation.  Include 
a description  of 

• the  amount  of  ammonium  nitrate  and  water  to  use 

• the  materials  to  use  in  its  construction 

• a design  that  allows  the  chemicals  to  react  only  when  needed. 
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Student  Examples 
Performance  Task  3 


CLASSROOM 

ASSESSMENT 

MATERIALS 


This  response  received  a mark  of  8 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Planning  and  Designing 

4 


The  problem  is  clearly  stated  and 
understood,  and  a well-thought- 
out  plan  is  devised;  the  procedure 
and  design  described  are 
appropriate  (valid,  practical, 
and  workable)  for  solving 
the  problem. 


Student  Example 


Procedure 


Evidence  (table) 


rc) 

1 

£ 

10 

7 

iol 

~/osr 

10 

l]’c 

10 

ll% 

'ft 

irc  • 

10 

n‘c 

lOfc 

Commentary 


A well-thought-out  plan  is  devised,  indicating  that  the  problem  is  clearly  understood. 

The  student  has  provided  a step-by-step  procedure  for  determining  the  temperature  decrease 
when  differing  amounts  of  ammonium  nitrate  are  added  to  equal  volumes  (10  mL)  of  water. 
The  plan  is  valid,  practical,  and  workable  for  obtaining  data  that  will  be  useful  in  designing 
a cold  pack.  Enough  detail  is  provided  so  that  another  student  could  follow  this  procedure  to 
obtain  similar  results.  Particularly  helpful  are  the  instructions  on  how  to  set  the  balance  to 
equal  the  mass  of  the  petri  dish  and  the  added  ammonium  nitrate.  Reasonable  quantities  of 
solute  are  suggested  for  dissolving  in  the  water.  The  procedure  could  have  been  improved  by 
including  instructions  to  stir  the  solution  thoroughly  before  taking  the  temperature . 


Continued 
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Student  Examples 
Performance  Task  3 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

4 


Data  and  observations  are 
accurately  and  completely 
analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  correctly 
performed;  the  result  is  correct, 
and  there  is  a low  experimental 
error;  a complete  and  accurate 
interpretation  and  conclusion 
are  reached. 


Student  Example 


Analy^ 


7, 


ClflA^C  - So.  ^ 


Application 


pklu 


Six-  i><tfi>r 


/ 


■ ^ KcJtrr  ^ 


w ■ 


(i}(^  i 'fL  V-,. 


if  3 


/ 
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Student  Examples 
Performance  Task  3 


CLASSROOM 

ASSESSMENT 


MATERIALS 


Continued 


Commentary 


Data  and  observations  are  accurately  and  completely  analyzed.  The  student  has  correctly 
calculated  the  change  in  temperature  for  each  test  and  correctly  concluded  that  “7  g of 
ammonium  nitrate  caused  the  greatest  temperature  change.”  There  is  a low  experimental 
error.  The  results  obtained  are  accurate  for  the  chosen  variables  and  equipment  provided. 

The  interpretation  is  complete  and  accurate.  The  student  has  developed  a design  for  a cold 
pack  that  is  based  on  the  results  obtained.  Realizing  that  10  mL  of  water  may  be  insufficient 
to  make  a cold  pack  large  enough  to  treat  most  injuries,  the  student  has  used  ratio  and 
proportion  to  determine  the  quantity  of  ammonium  nitrate  to  combine  with  50  mL  of  water. 
An  ingenious  design  for  separating  the  reactants  in  the  working  cold  pack  has  been  described. 
Most  interesting  is  the  close-off  valve  feature. 
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Student  Examples 
Performance  Task  3 


CLASSROOM 

ASSESSMENT 


MATERIALS 


This  response  received  a mark  of  5 out  of  8. 

Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Planning  and  Designing 

2 


The  problem  is  stated  and 
partially  understood,  and  a plan  is 
written;  the  procedure  and  design 
described  are  generally 
appropriate  for  solving  only  part 
of  the  problem. 


Student  Example 


Procedure 

*rar>^f  A****^*. 


coffc/  afjA 


\fit^  At 


p rt.  ✓.*»<.  f //* r 


2L 


Evidence  (table) 


Tr'ifti 

Pi  ••I 

cf 

/ 



n^c 

-7^ 

3 

4 

(o 

• \7 

ss 

5* 

>S°C  a»c 

Lh, 

Commentary 


A workable  plan  is  devised,  indicating  that  the  problem  is  understood.  The  student  has 
provided  a procedure  for  determining  the  temperature  decrease  when  differing  amounts  of 
ammonium  nitrate  are  added  to  water,  which  includes  a step  for  finding  the  approximate 
amount  of  ammonium  nitrate  that  is  appropriate  to  use.  The  plan  is  lacking  in  detail. 
Particularly,  the  procedure  could  have  been  improved  by  elaborating  on  what  is  meant  by 
“estimate  proper  amount”  and  “carry  out  test.”  Reasonable  quantities  of  solute  with  a wide 
range  of  amounts  are  suggested  for  dissolving  in  the  water,  and  the  procedure  yielded 
good  results. 


Continued 
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Student  Examples 
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CLASSROOM 

ASSESSMENT 

MATERIALS 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

3 


Data  and  observations  are 
completely  analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  performed, 
but  contain  some  errors;  the  result 
contains  inaccuracies,  and  there 
may  be  a high  experimental  error; 
the  interpretations  and 
conclusions  are  mostly  correct. 


Student  Example 


Analysis 

1. 

- (6  Tfa»l  

~ 

~ ^ 

13^ 

2. 

yf\o\  ^1  c^u5&A  ktnPfCpWe, — 

meoii»s  tt>«L fyT  toftW — :,f/ — ’H'f 

— — 


Application 

_g  WQ^gr  4^0 A)nt7 Off ifa 

Floce  hsh 

yVjCe  sovck  f/rln  mne^Ur  £»clf  i'rme 


Commentary 


Data  and  observations  are  accurately  and  completely  analyzed.  The  student  has  correctly 
calculated  the  change  in  temperature  for  each  test,  but  overlooked  the  results  of  “Trial  5”  in 
concluding  that  “6  g in  10  mL  of  water  caused  the  greatest  temperature  change.”  There  is  a 
low  experimental  error.  The  results  obtained  are  reasonable  for  the  chosen  variables  and 
equipment  provided.  The  interpretation  is  correct.  The  student  has  developed  a design  for 
a cold  pack  that  is  based  on  the  results  obtained,  and  explains  how  to  use  ratio  and  proportion 
to  determine  the  quantity  of  ammonium  nitrate  to  combine  with  water.  The  explanation  could 
have  included  actual  quantities  of  water  and  ammonium  nitrate  to  use . A design  for  the 
working  cold  pack,  that  takes  into  account  the  need  to  separate  the  two  reactants  until  needed, 
has  been  clearly  described. 
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CLASSROOM 
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This  response  received  a mark  of  4 out  of  8. 

Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for  Planning 
and  Designing 

2 


The  problem  is  stated  and 
partially  understood,  and  a plan  is 
written;  the  procedure  and  design 
described  are  generally 
appropriate  for  solving  only  part 
of  the  problem. 


Student  Example 


Procedure 


o\CixC 

C-x 

.o 

vTv, 

r-<TLr  Qr-Cj' 

. — V 

- ^ 

*b  . • 

Evidence  (table) 


w" 


S’ 

■b‘ 


Commentary 


A workable  plan  is  devised,  indicating  that  the  problem  is  understood.  The  student  has 
provided  a procedure  for  determining  the  temperature  decrease  when  varying  amounts  of 
ammonium  nitrate  are  added  to  water.  The  plan  can  be  used  for  obtaining  data  that  could 
be  used  in  designing  a cold  pack;  however , it  could  have  been  improved  by  suggesting  larger 
amounts  of  solute  than  4g.  From  the  evidence  table , it  would  seem  that  the  student  has 
continued  to  add  ammonium  nitrate  to  the  same  sample  of  water.  While  this  is  efficient  in 
terms  of  using  less  chemical , it  would  be  less  accurate;  however,  this  method  seems  to  have 
worked  for  obtaining  reasonable  results. 


Continued 
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Performance  Task  3 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

2 

Student  Example 

Analysis 

L 

Data  and  observations  are 

-2_- 

analyzed;  mathematical 
calculations  and  graphical 
analysis  are  performed  but  are 
only  partially  correct;  the  result 

i CL 

2. 

contains  inaccuracies  in  relation 

to  the  data  obtained;  the 
interpretations  and  conclusions 
are  only  partially  supported  by 
the  data. 

c>-v  ^ • 

">-j 

Commentary 


Data  and  observations  are  analyzed.  The  student  has  correctly  calculated  the  change  in 
temperature  for  the  tests  as  conducted.  There  is  a low  experimental  error.  The  results 
obtained  are  reasonable  for  the  chosen  variables  and  equipment  provided.  The  interpretation 
is  incomplete,  which  represents  the  major  fault  with  this  response.  The  student  has  not 
developed  a design  for  a cold  pack  based  on  the  results  obtained,  and,  therefore,  has  not 
completed  the  requirement  of  applying  what  was  learned  to  a practical  situation. 
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Student  Examples 
Performance  Task  3 


This  response  received  a mark  of  3 out  of  8 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for  Planning 
and  Designing 

2 


The  problem  is  stated  and 
partially  understood,  and  a plan  is 
written;  the  procedure  and  design 
described  are  appropriate  for 
solving  only  part  of  the  problem. 


Student  Example 

Procedure 

^,0^  41^  kMIPrdturc  eg  -\-w> 

i-n  pilK  arwmQniUfv^  n.'fr/atA — <7^ 

TT-rxCc  cvrr\  vu4o?  f^h 

di'^sk  -in  h>vO  I pof  or-)  4W  ■ T^c  jrYN^^|c\ 

\r^  fOmC  rf^  l/xjnub-r  .^hrr<_c\ f b 

h^c^h  H\f 

rr  9^o3n>.c^  ■ — — 


Evidence  (table) 
y(^  -Tf<X\0 


Commentary 


A workable  plan  is  devised,  indicating  that  the  problem  is  understood.  The  student  has 
provided  a procedure  for  determining  the  temperature  decrease  when  veuying  amounts  of 
ammonium  nitrate  are  added  to  water.  The  plan  lacks  detail . For  example,  the  approximate 
quantities  of  ammonium  nitrate  to  use  are  not  indicated.  Also,  it  is  not  clear  that  a fresh 
sample  of  water  should  be  used  each  time. 


Continued 
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Student  Examples 
Performance  Task  3 


Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

1 


Data  and  observations  analysis 
are  incomplete  or  inaccurate; 
mathematical  calculations  and 
graphical  analysis  are  either 
not  attempted  or  are  incorrect; 
the  conclusions  reached 
are  unsupported. 


Student  Example 


Analysis 


2. 

nvkcjCLf 
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Application 
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>Xi  C(q/:l!ic( ' 

Commentary 


Data  and  observations  are  incompletely  analyzed.  The  student  has  not  calculated  the  change 
in  temperature  for  the  tests,  as  instructed.  The  generalized  statement  that  “the  temperature 
dropped  one  degree  with  the  less  amount  of  ammonium  nitrate  used”  is  not  clear,  nor  does  it 
answer  the  question.  Using  the  data  collected,  the  student  should  have  stated  that  the 
temperature  dropped  between  16  and  19  degrees.  The  interpretation  is  incomplete.  The 
student  has  developed  a design  for  a cold  pack  that  is  not  based  on  the  results  obtained.  The 
choice  of  9 g of  ammonium  nitrate  with  10  mL  of  water  is  not  substantiated  by  the  results 
obtained.  If  this  amount  is  an  extrapolation  of  the  results,  this  should  have  been  explained. 
Furthermore,  the  instructions  were  to  describe  the  materials  and  “a  design  that  allows  the 
chemicals  to  react  only  when  needed.”  These  criteria  were  not  considered  in  the  design. 
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CLASSROOM 

ASSESSMENT 


Task  4:  Analyzing  Uniform  Motion 

Student  Task 

Note:  The  assessment  focus  of  this  activity  is  on  Performing  and  Recording  and  on  Analyzing 
and  Applying. 

Introduction 

Aerial  highway  patrols  monitoring  traffic  use  the  relationship  among  distance,  speed,  and 
time  to  detemiine  vehicle  speeds  by  measuring  the  time  taken  to  travel  a measured  distance. 


Planning  and  Designing 

Problem 

What  is  the  relationship  among  distance,  speed,  and  time  during  uniform  motion? 

Background  Information 

An  interval  timer  can  be  used  to  record  the  movement  of  a small  cart  moving  across  a table. 

Experimental  Design 

Data  are  obtained  from  a series  of  dots  produced  by  an  interval  timer.  A distance-time  graph 
is  plotted,  and  the  corresponding  speed  determined. 

Materials 

• interval  timer  evidence 

• metric  ruler 

• pencil 

• graphing  grid 
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Performance  Task  4 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Performing  and  Recording 


Use  the  following  data  to  perform  this  activity. 


Interval  Timer  Tracing 


Procedure 

1.  Identify  the  first  distinct  dot  where  the  tracing  becomes  uniformly  spaced.  Label  it  0. 

2.  Circle  every  sixth  dot  after  the  starting  point  and  label  these  1 , 2,  3,  etc.  Each  of  these 
intervals  indicates  0.10s. 

3.  Measure  the  distance  travelled  for  each  six-dot  interval. 

4.  Determine  the  cumulative  distance. 

Evidence 

Organize  your  data  in  an  appropriate  table. 

Analyzing  and  Applying 

Analysis 

1.  On  the  grid,  plot  a distance-time  graph. 

2.  Use  the  graph  to  determine  the  speed. 
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This  response  received  a mark  of  8 out  of  8. 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

4 

The  procedure  is  carried  out 
accurately,  systematically,  and 
safely  to  gather  complete  data 
without  any  errors  or  omissions; 
materials  and  apparatus  are  used 
correctly  and  efficiently; 
observations  and  data  are  clearly, 
neatly,  logically,  and  completely 
recorded,  consistently  using 
scientific  conventions 
of  communication. 


Student  Example 

Evidence  (table) 
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Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary  refers 
mainly  to  the  recording  sections  of  the  scoring  criteria. 

The  student  has  gathered  complete  and  accurate  data.  As  instructed  in  the  procedure  for  the 
experiment,  the  student  has  measured  the  distance  travelled  during  each  0.10  s interval. 
Observations  and  data  are  clearly  and  neatly  recorded.  The  student  has  displayed  the  data , 
using  scientific  conventions  of  communication.  The  data  are  recorded  in  a proper  table  using 
appropriate  headings  so  that  it  is  easily  read  and  understood.  Units  of  measurement  have  been 
included  with  the  observations . 
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Continued 


Scoring  Criteria  for 
Analyzing  and  Applying 

4 


Data  and  observations  are  accurately 
and  completely  analyzed;  appropriate 
mathematical  calculations  and  graphical 
analysis  are  correctly  performed;  the 
result  is  correct,  and  there  is  a low 
experimental  error;  a complete  and 
accurate  interpretation  and  conclusion 
are  reached. 


Student  Example 

Analysis 

/vMb  TiMf  or  THe 


Use  this  space  for  calculating  the  slope. 
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Continued 


l>.LA&bKUUM 

A SSESSMENT 


Commentary 


The  data  and  observations  are  accurately  and  completely  analyzed , and  appropriate 
mathematical  calculations  and  graphical  analysis  are  correctly  performed.  The  student 
has  drawn  a graph  that  clearly  shows  the  relationship  between  distance  and  time  for  an  object 
undergoing  uniform  motion.  The  graph  is  properly  labelled,  with  a title  and  labels  that  include 
units  for  the  x and  y axes.  In  marking  the  values  on  the  axes,  more  care  could  have  been  taken 
to  place  the  marks  exactly  on  the  values  (for  instance  the  value  of  0.5  s is  slightly  out  of 
position)  and  in  including  the  number  of  significant  digits  obtained  from  measurement.  A line 
of  best  fit  is  correctly  and  neatly  drawn  through  the  coordinates.  The  interpretations  are 
correct  and  the  conclusions  are  supported.  The  student  has  accurately  determined  the 
velocity  for  the  cart  by  calculating  the  slope  for  this  graph , using  the  correct  formula  and 
appropriately  chosen  values  for  distance  and  time  from  the  graph.  In  the  concluding  statement, 
the  student  clearly  demonstrates  an  understanding  of  uniform  motion. 
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CLASSROOM 

ASSESSMENT 


MATERIALS 


This  response  received  a mark  of  6 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

3 


ience  (table) 


The  procedure  is  carried  out 
accurately  and  safely  to  gather 
data  that  are  mostly  complete 
but  which  may  contain  some 
errors  or  omissions;  materials 
and  apparatus  are  used 
correctly;  observations  and 
data  are  recorded  clearly  and 
neatly,  but  there  are  some 
errors  and  omissions,  and 
scientific  conventions  of 
communication  are  not  always 
consistently  followed. 


Student  Example 
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Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria . 


The  student  has  gathered  complete  and  accurate  data.  As  instructed  in  the  procedure  for  the 
experiment,  the  student  has  measured  the  distance  travelled  during  each  0.10  s interval. 
Observations  and  data  are  clearly  recorded.  The  student  has  displayed  the  data , using 
scientific  conventions  of  communication.  The  data  are  recorded  under  appropriate  headings , 
and  are,  therefore,  easily  read  and  understood.  Units  of  measurement  have  been  included  with 
the  observations.  Extra  and  unnecessary  information  on  the  distance  travelled  between 
intervals  is  included.  As  well , the  reading  for  0 is  not  an  interval  but  the  starting  point , and 
should  not  have  been  included.  The  data  table  could  have  been  more  complete;  for  example, 
the  student  could  have  included  a descriptive  title. 
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Continued 


CLASSROOM 
A SSESSMENT 


MATERIALS 


Scoring  Criteria  for 
Analyzing  and  Applying 

3 


Data  and  observations  are 
completely  analyzed;  appropriate 
mathematical  calculations  and 
graphical  analysis  are  performed, 
but  contain  some  errors;  the  result 
contains  inaccuracies,  and  there 
may  be  a high  experimental  error; 
the  interpretations  and 
conclusions  are  mostly  correct. 


Student  Example 


Use  this  space  for  calculating  the  slope. 

fun 

■ 6^ 


Commentary 


The  data  and  observations  are  completely  analyzed , and  appropriate  mathematical 
calculations  and  graphical  analysis  are  performed.  The  student  has  drawn  a graph  that 
clearly  shows  the  relationship  between  distance  and  time  for  an  object  undergoing  uniform 
motion.  The  graph  is  properly  labelled,  with  a title  and  labels  that  include  units  for  the  x and  y 
axes.  In  m£irking  the  values  on  the  axes,  the  number  of  significant  digits  obtained  from 
measurement  could  have  been  included.  A line  of  best  fit  is  correctly  and  neatly  drawn 
through  the  coordinates.  The  interpretations  are  correct  and  the  conclusions  are 
supported.  The  student  has  determined  the  velocity  for  the  cart  by  calculating  the  slope  for 
this  graph  using  the  correct  formula.  The  values  chosen  from  the  graph , for  change  in 
distance  and  change  in  time  are  not  clearly  indicated;  therefore , it  is  difficult  to  check  the 
accuracy  of  the  calculation  for  velocity.  The  expected  velocity  should  have  been  closer 
to  20  cm/s. 
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This  response  received  a mark  of  4 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

2 


The  procedure  is  carried  out,  but 
the  data  collected  are  incomplete; 
materials  and  apparatus  are 
used  appropriately;  observation 
and  data  are  recorded  clearly  and 
neatly,  but  there  are  some  errors 
and  omissions,  and  scientific 
conventions  of  communication 
Eire  not  always  consistently 
followed. 
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Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria. 

The  student  has  gathered  complete  but  inaccurate  data.  As  instructed  in  the  procedure  for 
the  experiment,  the  student  has  measured  the  distance  travelled  during  each  0.10  s interval , but 
the  distance  is  recorded  to  only  one  significant  digit,  resulting  in  a large  margin  of  error. 
Observations  and  data  are  clearly  recorded.  The  student  has  displayed  the  data , using 
scientific  conventions  of  communication.  The  data  are  recorded  under  appropriate  headings , 
and  are,  therefore,  easily  read  and  understood.  Units  of  measurement  have  been  included  with 
the  observations.  Extra  and  unnecessary  information  on  the  distance  travelled  between 
intervals  is  included.  The  data  are  recorded  in  a proper  table,  drawn  with  a straight  edge.  The 
table  could  have  been  neater  and  more  complete;  for  example,  the  student  could  have  written 
all  the  information  above  each  column  horizontally,  boxed  in  the  entire  table,  and  included  a 
descriptive  title. 
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Continued 


CLASSROOM 

ASSESSMENT 

MATERIALS 


Scoring  Criteria  for 
Analyzing  and  Applying 

2 


Data  and  observations  are  analyzed; 
mathematical  calculations  and 
graphical  analysis  are  performed  but 
are  only  partially  correct;  the  result 
contains  inaccuracies  in  relation  to 
the  data  obtained;  the  interpretations 
and  conclusions  are  only  partially 
supported  by  the  data. 


Student  Example 

Analysis 


Use  this  space  for  calculating  the  slope. 


=.  Ji- 


Commentary 


The  data  and  observations  are  analyzed , and  the  mathematical  calculations  and  graphical 
analysis  are  partially  correct.  The  student  has  drawn  a generally  correct  graph  that  shows  the 
relationship  between  distance  and  time  for  an  object  undergoing  uniform  motion.  It  would  be 
easier  to  read  and  interpret  values  on  the  graph  if  time  and  distance  readings  were  more  spaced 
out  along  each  axis.  The  graph  has  proper  labels  that  include  units  for  the  x and  y axes,  but  is 
lacking  a title.  A line  of  best  fit  is  partly  drawn  through  the  coordinates,  but  it  should  be  more 
inclusive  of  the  three  coordinates  above  the  line.  The  interpretations  are  partly  correct.  The 
student  has  determined  the  velocity  for  the  cart  by  calculating  the  slope  for  this  graph , using  the 
correct  formula.  The  values  chosen  from  the  graph  for  change  in  distance  and  change  in  time 
are  not  clearly  indicated —a  change  in  distance  of  12  m could  not  be  obtained  from  the  graph  as 
drawn,  without  extrapolation,  and  the  corresponding  change  in  time  should  have  been 
calculated  as  0.60  s.  The  student’s  answer,  including  the  units,  contains  errors.  The  expected 
velocity  should  have  been  approximately  20  cm/s. 
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This  response  received  a mark  of  2 out  of  8. 


Note:  Student  work  is  given  a score  based  on  performing,  recording,  analyzing,  and  applying 
as  a whole,  rather  than  any  one  section  of  the  response. 


Scoring  Criteria  for 
Performing  and  Recording 

1 


The  procedure  is  attempted,  but 
data  obtained  cannot  be  used  to 
solve  the  problem. 


Student  Example 

Evidence  ((able)  fYff/rhA 
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Commentary 


Note:  A portion  of  the  mark  for  these  scoring  criteria  was  based  on  the  observations  by 
teachers  of  the  students  performing  this  task  in  the  classroom.  The  following  commentary 
refers  mainly  to  the  recording  sections  of  the  scoring  criteria. 

The  student  has  gathered  incomplete  and  inaccurate  data.  The  student  has  incorrectly 
measured  the  distance  travelled  during  each  0.10  s interval  because  an  incorrect  assumption 
was  made —that  the  second  dot  after  the  last  dot  of  one  interval  is  the  first  dot  of  the  next 
interval.  This  resulted  in  a large  margin  of  error  and  insufficient  data.  Observations  and  data 
are  recorded.  The  student  has  displayed  the  data , generally  using  scientific  conventions  of 
communication.  The  data  are  recorded  in  an  acceptable  table  with  a descriptive  title.  Units  of 
measurement  have  been  included  with  the  observations,  although  there  is  inconsistency  in  their 
placement.  The  table  could  have  been  neater  and  more  complete;  for  example,  the  student 
could  have  boxed  in  the  entire  table,  and  drawn  it  more  carefully  with  a straight  edge. 
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Continued 


Commentary 


The  data  and  observations  are  analyzed , and  the  mathematical  calculations  and 
graphical  analysis  are  partially  correct.  The  student  has  drawn  a generally  correct  graph 
that  shows  the  relationship  between  distance  and  time  for  an  object  undergoing  uniform 
motion.  The  graph  has  proper  labels  that  include  units  for  the  x and  y axes,  but  is  lacking  a 
title.  A line  of  best  fit  is  partly  drawn  through  the  coordinates.  The  interpretations  are 
incorrect.  The  student  has  incorrectly  determined  the  velocity  for  the  cart  by  choosing , from 
the  graph , one  value  for  the  distance  and  one  value  for  the  time  and  then  applying  the 
incorrect  velocity  formula  (v  = dit  instead  of  v = Ad/ At).  The  expected  velocity  should  have 
been  approximately  20  cm/s. 
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